Background The Patient Reported Outcomes Measurement Information System (PROMIS) was developed to provide valid, reliable, and standardized measures to gather patient-reported outcomes for many health domains, including depression, independent of patient condition. Most studies confirming the performance of these measures were conducted with a consented, volunteer study population for testing. Using a study population that has undergone the process of informed consent may be differentiated from the validation group because they are educated specifically as to the purpose of the questions and they will not have answers recorded in their permanent health record. Questions/purposes (1) When given as part of routine practice to an orthopaedic population, do PROMIS Physical Function and Depression item banks produce score distributions different than those produced by the populations used to calibrate and validate the item banks? (2) Does the presence of a nonnormal distribution in the PROMIS Depression scores in a clinical population reflect
a deliberately hasty answering of questions by patients? (3) Are patients who are reporting minimal depressive symptoms by scoring the minimum score on the PROMIS Depression Computer Adaptive Testing (CAT) distinct from other patients according to demographic data or their scores on other PROMIS assessments? Methods Univariate descriptive statistics and graphic histograms were used to describe the frequency distribution of scores for the Physical Function and Depression item banks for all orthopaedic patients 18 years or older who had an outpatient visit between June 2015 and December 2016. The study population was then broken into two groups based on whether they indicated a lack of depressive symptoms and scored the minimum score (34.2) on the Depression CAT assessment (Floor Group) or not (Standard Group). The distribution of Physical Function CAT scores was compared between the two groups. Finally, a time-per-question value was calculated for both the Physical Function and Depression CATs and was compared between assessments within each group as well as between the two groups. Bivariate statistics compared the demographic data between the two groups. Results Physical Function CAT scores in musculoskeletal patients were normally distributed like the distribution calibration population; however, the score distribution of the Depression CAT in musculoskeletal patients was nonnormal with a spike in the floor score. After excluding the floor spike, the distribution of the Depression CAT scores was not different from the population control group. Patients who scored the floor score on the Depression CAT took slightly less time per question for Physical Function CAT when compared with other musculoskeletal patients (floor patients: 11 6 9 seconds; normally distributed patients: 12 6 10 seconds; mean difference: 1 second [0. Conclusions In an orthopaedic surgery population that is given PROMIS CAT as part of routine practice, the Physical Function item bank had a normal performance, but there is a group of patients who hastily complete Depression questions producing a strong floor effect and calling into question the validity of those floor scores that indicate minimal depression. Level of Evidence Level II, diagnostic study.
Introduction
The Patient Reported Outcomes Measurement Information System (PROMIS) domain assessments were created to develop efficient [13, 19, 21, 34, 37] , reliable [19] [20] [21] 29] , responsive, and sensitive item banks [13, 14, 20, 29, 32, 37] that can be used to measure domains such as physical function across diagnoses [8] with less patient burden [19, 34, 37] . The PROMIS measures produce a t-score based on a distribution with a mean score of 50 that represents the mean for the US population based on Census data from 2000 [7] . Higher scores mean more of the domain measured and a difference of 10 points from the mean score equates to 1 SD higher or lower than that mean. In addition to the standardized scoring, PROMIS is distinguished from legacy patient-reported measures by the ability to utilize Computer Adaptive Testing (CAT) technology with the PROMIS domain item banks, which is a large factor in the benefits PROMIS delivers while also enabling immediate scoring for consideration while delivering care [4] , which can help providers focus on pressing patient symptoms [38] and have a positive effect on patient-provider dialogue [10, 18] .
The PROMIS Depression CAT was developed to provide a metric to measure emotional distress that is applicable to a population with a wide range of health conditions [30, 33] . In addition to the numerous general benefits of utilizing CAT, research has already defined the relationship of the Depression CAT scores with preexisting mental health measures [3] , has provided a bridge between these measures [11] , and can be accessed at websites such as PROSetta Stone ® (http://www.prosettastone.org/Pages/ default.aspx). Mental health, including depression, and its impact on patient-reported outcomes [24, 25, 36] , perceived disability [26] , prognosis [22] , and satisfaction with care [2, 5] , has been of increasing interest in orthopaedic surgery. This research is part of a growing discussion regarding the measurement of depressive symptoms in nonpsychiatric care [1, 15, 28, 35] . The clinically relevant impact and high prevalence of psychologic issues among patients seeking care for other reasons have influenced new requirements and recommendations emerging in health care regarding screening patients for depression [1, 28, 35] . In addition to the US Preventative Services Task Force recommendations, the Centers for Medicare & Medicaid Services, through its electronic health record incentive programs, has listed depression screening as one of their Adult Recommended Core measures [9] . This has directly translated into requirements for orthopaedic programs to include emotional distress reporting as a component of bundled payment documentation for large joint arthroplasty.
In June 2015 the Department of Orthopedic Surgery at Washington University in St Louis began department-wide administration of the PROMIS CAT for three different domains: Physical Function, Pain Interference, and Depression. The use of the PROMIS instruments was adopted as part of routine practice for all outpatient visits for patients older than 18 years of age. Although capture and completion rates have been consistently between 98% and 100%, registration personnel have reported that some patients have questioned the relevance of, and exhibited a general reluctance to complete, the Depression CAT. Because the normative population that was used in the development of these measures was a research population that is comparatively highly educated through the informed consent process, how they complete the questions may be different than a population given these measures as part of routine care, which may affect the overall performance of the measure. Therefore, we asked: (1) When given as part of routine practice to an orthopaedic population, do PROMIS Physical Function and Depression item banks produce score distributions different than those produced by the populations used to calibrate and validate the item banks? (2) Does the presence of a nonnormal distribution in the PROMIS Depression scores in a clinical population reflect a deliberately hasty answering of questions by patients? (3) Are patients who are reporting minimal depressive symptoms by scoring the minimum score on the PROMIS Depression CAT distinct from other patients according to demographic data or their scores on other PROMIS assessments?
Patients and Methods
This is a retrospective analysis of PROMIS Physical Function and Depression CAT scores completed as part of routine practice for all outpatient orthopaedic surgery visits. Score data came from patient visits of all types at outpatient orthopaedic clinics of a single academic tertiary center between the dates of June 22, 2015, and August 1, 2016.
Data were gathered from patient visits of all types where the patient was 18 years or older and had scores for both the PROMIS Physical Function CAT as well as the PROMIS Depression CAT. Visits with completion times for either the Physical Function or the Depression CAT longer than 600 seconds were excluded because these outliers reflected survey completion interruption by other steps of the visit such as obtaining radiographs or failure to complete the survey before interaction with the treating surgeon.
A total of 77,211 patient visits were initially selected for analysis. A total of 637 visits were excluded as a result of completion times longer than 600 seconds (n = 604) or because of a technical error in recording the time (n = 33). The final study population included 76,574 visits ( Table 1 ). The mean age of the study population was 54 years (range, 18-99 years; SD 17 years; Table 1 ). The study population comprised 44,022 visits with women (57%) and 32,552 visits with men (43%). A total of 64,486 visits were with white patients (84%) and 10,142 (13%) with black patients. The remaining 2.54% of patient visits were split among all other racial groups including patients who described themselves as Asian (1.04%), other (0.87%), unknown/decline (0.31%), Native American (0.14%), multiracial (0.14%), Hispanic (0.03%), and Pacific Islander (0.01%).
All patients completed both Physical Function (Version 1.2) and Depression (Version 1.0) PROMIS CATs. Patients are uniformly given the assessments at the time of registration. Registration staff provide a general statement explaining the assessment while the assessment loads on a tablet computer (iPad mini; Apple, Cupertino, CA, USA) before patients independently complete the PROMIS surveys. Assessment scores are immediately routed into the patient's electronic medical record in an outcomes table.
The variables gathered for analysis in this study were the PROMIS CAT scores for the Physical Function and Depression item banks. Administrative technical reports provided the number of questions answered by the patient during each assessment as well as the time it took the patient to complete the assessment. All of the variables were created and gathered electronically. Although the scores and the administrative data were gathered from separate health IT systems, both the scores and the administrative data are linked together through a unique visit identifier that is used by both systems ensuring the data are properly aligned.
Statistical Analysis
Univariate descriptive statistics and graphic histograms were created to describe the frequency distribution for the entire population of study visits (n = 76,574) for both the Physical Function and Depression CATs. After recognition of a nonnormal distribution of Depression CAT scores, the study population was split into two separate groups based on Depression CAT scores. The Standard Group includes all visits in which the patient scored above the minimum on the Depression CAT (34.2) suggesting that the patients in this group may have been experiencing some elements of depression in the previous 7 days. The Floor Group includes the remaining visits in which the patients scored the minimum score (34.2) on the Depression CAT indicating that the patients in this group did not experience any elements of depression in the previous 7 days. Subsequent analysis was conducted to explore differences between those groups. Both mean values and the distribution of the PROMIS Physical Function CAT scores were compared between the Standard and Floor Groups. Using published minimally clinically important differences on the PROMIS Physical Function as a proxy for a relevant between-group difference, we presumed a 5-point difference in mean score would be a meaningful difference [39] . The mean time per question (TPQ) spent answering the Physical Function and Depression questions was analyzed using t-tests within the Standard and Floor Groups. Comparisons of the mean TPQ spent on Physical Function and Depression between the Standard and Floor Groups were done by t-tests as well. We presumed that a 30% reduction in time spent per question would represent a clinically meaningful change in the TPQ between groups. Demographic data of age, gender, and race were compared with bivariate statistics.
Results
When given as a part of routine practice to an orthopaedic population, the scores of the Physical Function CAT were normally distributed with a mean score of 39.9 (SD 9.6), 1 SD worse than the normal population (Fig. 1) . There was a nonnormal distribution of the study population's scores for the Depression CAT with a spike at 34.2 (floor score) followed by a normal distribution with a mean of 47.8 (SD 10.5) (Fig. 2) . After removing the Floor Group scores that comprise the floor spike, the remaining Depression CAT score distribution of the Standard Group is normal with a mean score of 52.0 (SD 8.3) (Fig. 3) .
The presence of a nonnormal distribution in the PROMIS Depression scores is reflective of a deliberately hasty answering of questions by patients in the Floor Group ( Table 2 ). The Floor Group spent a slightly lower mean TPQ for Physical Function CAT when compared with other musculoskeletal patients from the Standard Group (Floor Group: 11 6 9 seconds; Standard Group 12 6 10 seconds; mean difference: 1 [0.8-1.1]; p < 0.001 but not clinically important). However, the Floor Group spent much less time on the Depression CAT than the Standard Group (Floor Group: 4 6 3 seconds; Standard Group: 7 6 7 seconds; mean difference: 3 [2.9-3.2]; p < 0.001).
Patients who scored the minimum on PROMIS Depression were younger than other patients (Floor Group: 50 6 18; Standard Group: 55 6 16; mean difference: 5 [4] [5] ; p < 0.001) and included a larger percentage of men 
Discussion
The development of the PROMIS tools provides clinicians a standardized metric to measure patient-reported outcomes independently of disease. In addition to a standardized metric, PROMIS item banks and CAT allow for greater precision in measurement while lowering patient Fig. 2 The graph shows a frequency distribution of scores for the PROMIS Depression CAT in the study population. CATs when given to the general orthopaedic population, we found that the Physical Function CAT performs as expected with a normal distribution; however, the Depression CAT exhibited a nonnormal score distribution that is likely a result of patients completing the assessment with a deliberate hastiness that is shown by the much faster mean TPQ Floor Group patients spent on the Depression CAT than they spent on the Physical Function CAT. This means TPQ for the Depression CAT is so low that we speculate that patients are speeding through the assessment that may be affecting the accuracy of the scores. The initial analysis of these data is limited by the fact that the population examined only includes visits in which both the Physical Function and Depression CATs were completed. However, because the completion rate for the department was 97%, the number of excluded visits was small. The order in which the PROMIS CATs are delivered represents a potential confounding variable. The Depression CAT was given at the end of the assessment battery for the majority of the analysis timeframe and patient burden could contribute to some percentage of the results. However, this limitation may be unavoidable: the order of the assessments was determined in response to negative feedback given regarding the Depression CAT being at the beginning of the assessment battery. As a preemptive measure, to improve patient compliance, the Depression CAT was moved to the end of the assessment battery. However, we feel that responder burden is unlikely to be a substantial confounder because the mean total time spent to complete these assessments was only 2 minutes 55 seconds and required completion of fewer questions than traditionally administered to our patients when using static written patient-reported outcome surveys. Our study was also limited in that we only delivered the PROMIS CAT assessments. Although the measurement of the meant TPQ provides us with circumstantial evidence that the patients are completing the Depression CAT in a much more hasty way than the Physical Function CAT, this limitation prevents us from concretely knowing whether the hastiness is a result of any deliberate subversion of the assessment. It is also possible that our findings could change had patients been provided an explanation regarding the importance or purpose of the depression questions, but we did not provide this because our research question focused on the delivery of this survey as routine care. Finally, we do not know if the same survey-taking behavior would manifest with use of an alternative depression screening tool. We did not deliver a second depression survey because linkage tables exist to crosswalk scores between PROMIS and the often referenced Patient Health Questionnaire-9 so there was no anticipated clinical benefit from screening for depressive symptoms with redundant surveys.
To our knowledge, there has not been any large-scale examination of the score distribution of the Depression CAT scores when given as part of routine practice and our analysis indicates a striking irregularity in the performance of the PROMIS Depression CAT when given to a population of outpatients seeking orthopaedic care. Rather than normally distributed scores, our patient score distribution has a secondary spike in the floor score. The anomaly in the distribution of CAT scores is limited to the Depression CAT and, within the study population, the performance of the Physical Function CAT appears normal, providing a normal distribution of scores that matches what is expected from the development of the instruments.
Patients contributing to the floor effect completed the questions in a hasty fashion by rapidly selecting the most symptom-minimizing answer. All of the visits in the floor score group required 12 questions to be answered with the most symptom-minimizing answer to get the floor score for the Depression CAT. Additionally, this answer option is also at the top of the list of possible response options shown to the patients for all of the Depression CAT questions. This layout makes rapid answering possible and we speculate this is how the Floor Group completed their assessments because they had such a lower mean TPQ for the Depression CAT than the Standard Group. We hypothesize, based on anecdotal evidence from patient responses during the implementation process, that potential reasons for this behavior would include concern over the stigma of having depression recorded in their medical record, a possible perceived lack of relevance to the orthopaedic condition for which they are seeking care, or not wanting to have to discuss their mental health with their orthopaedic surgeon. When a patient comes in for a visit and scores 34.2 on the Depression CAT, the provider should not immediately presume that the patient has no depressive symptoms and should remain vigilant for clinical clues of depression that the patient may be reluctant to discuss.
Other than a greater proportion of men, our data suggest that patients contributing to this floor effect of depression do not seem to be substantially different than other patients with the exception of their answers on the Depression CAT and spending substantially less time per question (and with less variance in TPQ) on it. Demographic data show the age between of the Standard Group is 4 years older than the Floor Group; however, it is unlikely to play a large role in the TPQ spent because this difference does not separate the mean ages of these groups into distinct demographic categories that mirror any age cutoffs used to define clinically distinct groups in other orthopaedic or depression research. Adult orthopaedic research largely focuses on the differences between geriatric (65 years or older) and nongeriatric patients (< 65 years old) [16, 17, 23] . Additionally, research on Major Depressive Episodes (MDEs) and demographic factors has found some mixed evidence for differences in the incidence of major depressive episodes, but this link between age and incidence of MDEs varies based on other demographic factors such as the country measuring the MDEs [6] . One notable demographic difference between the two groups was composition of the groups broken down by gender. The Floor Group consisted of more men. The higher prevalence of men in the Floor Group supports other research indicating that men have a greater degree of reluctance to discuss or seek consultation for depressive symptoms than women [12, 27, 31] .
Initial data compiled from nearly 80,000 patient encounters over the first 13 months of PROMIS delivery at one tertiary center indicate that approximately 20% of the orthopaedic population may not accurately complete the Depression CAT. Because the Depression CAT has been found to be valid and reliable, it is unlikely this is a reflection on the questions within the item bank of the CAT. It is more likely this substantial floor effect is the result of other patient-related reasons behind a reluctance to report depressive symptoms or to carefully consider questions regarding depression. In future research, it will be necessary to perform further investigation into those patients contributing to the floor effect to determine which patients' scores are unreliable and how to manage the interpretation of those PROMIS Depression scores in both clinical practice and research.
